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Abstract. The relation between the globular cluster luminosity function
(GCLF, dN/d logL) and globular cluster mass function (GCMF, dN/d logM)
is considered. Due to low-mass star depletion, dissolving GCs have mass-to-light
(M/L) ratios that are lower than expected from their metallicities. This has been
shown to lead to anM/L ratio that increases with GC mass and luminosity. We
model the GCLF and GCMF and show that the power law slopes inherently
differ (1.0 versus 0.7, respectively) when accounting for the variability of M/L.
The observed GCLF is found to be consistent with a Schechter-type initial cluster
mass function and a mass-dependent mass-loss rate.
1 Introduction
Even though globular cluster systems (GCSs) are considered to have formed
during mergers, the shape of the globular cluster luminosity function (GCLF,
dN/d logL) differs fundamentally from that of young massive clusters (YMCs)
in merging galaxies. The luminosity function of YMCs follows a power law with
index −2 over the full mass range down to a few 100 M⊙, while the GCLF
peaks at ∼ 105 L⊙. This has been attributed to the ongoing tidal disruption
of globular clusters (GCs) and the resulting destruction of low-mass, faint GCs
(Fall & Zhang 2001; Vesperini 2001). In studies considering this mechanism,
the mass-loss rate of GCs is considered to be independent of their mass (corre-
sponding to a disruption time tdis ∝ M) and the mass-to-light ratio (M/L) is
assumed to be constant (e.g., Fall & Zhang 2001; Jorda´n et al. 2007).
In order to trace back the merger history of galaxies using their globular
cluster mass function (GCMF, dN/d logM), it is essential to obtain an accurate
description for its evolution. Although the above studies reproduced the peaked
shape of the GCMF, they did not account for two aspects of GC evolution:
(1) The mass-loss rate of GCs does depend on cluster mass (Baumgardt 2001;
Baumgardt & Makino 2003; Lamers et al. 2005; Larsen 2009), correspond-
ing to tdis ∝M
γ with γ ∼ 0.7 (see Eq. 1). This is due to the nonlinear scal-
ing of the disruption time with the half-mass relaxation time (tdis ∝ t
0.75
rh
,
Portegies Zwart et al. 1998; Fukushige & Heggie 2000). A lower value of
γ means that the dissolution rate of low-mass clusters is slowed down with
respect to massive clusters.
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Figure 1. Left: The observed GCLF of Galactic GCs (Harris 1996). Right:
The inferred GCMF of Galactic GCs (histogram) using M/LV = 3 (as in
Fall & Zhang 2001). Overplotted is our model MF with a mass-dependent
mass-loss rate (solid line, see Section 2) adopting a dissolution timescale t0 =
1.6 Myr. The dashed line shows the model for a cluster mass-independent
mass-loss rate (as in Fall & Zhang 2001). Error bars are 1σ Poissonian.
(2) TheM/L ratio of GCs is not constant (Mandushev et al. 1991; Baumgardt & Makino
2003; Kruijssen 2008; Kruijssen & Mieske 2009) due to the preferential
ejection of faint, low-mass stars from dissolving GCs. Because low-mass
GCs have on average lost a larger fraction of their initial masses, M/L
increases with mass or luminosity.
The effect of these aspects of GC evolution on the relation between the GCLF
and the GCMF has been considered by Kruijssen & Portegies Zwart (2009). The
slope of the disruption-dominated low-mass side of the GCMF is always equal
to γ (Fall & Zhang 2001; Lamers et al. 2005). A mass-dependent mass-loss rate
(γ = 0.7) therefore yields a different GCMF slope than a mass-independent
mass-loss rate (γ = 1). The observed slope of the GCLF ∼ 1, which is seem-
ingly consistent with the latter if a constant M/L ratio is assumed (see Fig. 1).
However, the trend of increasing M/L ratio with luminosity implies that this is
not necessarily true because the slopes of the GCLF and the GCMF fundamen-
tally differ. Kruijssen & Portegies Zwart (2009) have shown that the observed
GCLF is in fact consistent with a GCMF with a low-mass slope of ∼ 0.7 when
accounting for the trend of M/L ratio with luminosity.
We revisit the calculations of Kruijssen & Portegies Zwart (2009) and in-
clude a more detailed model for the evolution of the stellar mass function (SMF)
within a star cluster. Previously, the low-mass star depletion was approximated
by increasing the lower stellar mass limit of the SMF. In reality, the SMF evolves
more gradually. This has been included in new models of the evolution of the
SMF in dissolving star clusters (Kruijssen 2009), which are used here.
2 Star cluster models
We use the parameterised cluster model SPACE (Kruijssen & Lamers 2008; Kruijssen
2009), which incorporates the effects of stellar evolution, stellar remnant pro-
duction, dynamical dissolution and energy equipartition. The mass-loss rate due
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Figure 2. Left: Modeled relation between M/LV ratio and luminosity LV
(solid line). Diamonds mark the luminosities of observed Galactic GCs, and
the dashed line denotes the constant M/LV ratio that would be obtained if
low-mass star depletion were neglected. Right: GCMF derived from the GCLF
using a luminosity-dependent M/LV ratio. The solid curve is the same as in
Fig. 1 while the dotted curves represent models for (from bottom to top)
log (t0/Myr) = log 1.6 + {−0.5,−0.25, 0.25}. Error bars are 1σ Poissonian.
to dissolution follows from tdis = t0M
γ as (Lamers et al. 2005):
(
dM
dt
)
dis
= −
M
tdis
= −
M1−γ
t0
, (1)
with t0 a constant that represents the rapidity of dissolution and depends on
the environment.
The evolution of the SMF is computed by considering the ejection rate as
a function of stellar mass (Kruijssen 2009). The adopted method accounts for
mass segregation and dissolution in a tidal field by using the timescale on which
energy equipartition is reached for different stellar masses and by comparing the
stellar velocities with the escape velocity.
3 The inferred GCMF using realistic mass-to-light ratios
The modeled relation between the M/LV ratio and V -band luminosity LV is
shown in the left-hand panel of Fig. 2. Variations in dissolution timescale and
metallicity move this relation horizontally and vertically (Kruijssen 2008). When
considering a real GC system, this induces scatter off the depicted relation.
Kruijssen & Portegies Zwart (2009) considered this scatter in a detailed model
of the Galactic GC system and concluded that a relation such as the one that
is shown in Fig. 2 can still be used as a mean for the entire GC population.
The GCMF that is derived from the observed Galactic GCLF using the
relation between LV and M/LV is shown in the right-hand panel of Fig. 2. It
is compared to our modeled GCMF that has evolved from a Schechter (1976)
initial cluster mass function with index -2 and exponential cut-off mass M∗ =
2.5× 106 M⊙. The modeled and observed GCMFs are fully consistent, implying
that the mass-loss rate of GCs is indeed mass-dependent (tdis ∝ M
γ , with the
proportionality constant depending on the environment) and that there indeed
exists a weak trend of M/L ratio with mass and luminosity. As such, the results
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shown in Fig. 2 confirm the conclusions of Kruijssen & Portegies Zwart (2009)
with more detailed cluster models.
4 Discussion
Using a realistic model for the evolution of the SMF in GCs, we have shown that
the slopes of the GCLF and the GCMF differ. As GCs dissolve, their masses
decrease more rapidly than their luminosities due to the ejection of faint, low-
mass stars. As a result, the slope of the GCLF is ∼ 1 for luminosities below
the peak luminosity, while the slope of the GCMF is ∼ 0.7 for masses below
the peak mass. This is consistent with a mass-loss rate that depends on cluster
mass and on the environment.
The new cluster models (Kruijssen 2009), in which we account for the chang-
ing slope of the stellar mass function rather than shifting the lower stellar mass
limit, show that the results from Kruijssen & Portegies Zwart (2009) also hold
when more detailed models are applied. This substantiates that care should be
taken when comparing GCLFs and GCMFs. Because of the relatively low num-
ber of GCs for which dynamical masses have been determined, we argue that
the best method to compare them would be to model the GCLF rather than the
GCMF, while accounting for the variability of the M/L ratio. This would al-
low for a more accurate interpretation of the GCLF when studying correlations
between its properties and the history of its galaxy.
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